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Specification 

1 . Title of Invention 

Solid Golf Ball 

2. Scope of Patent Claim 

1 . A solid golf ball with a core which is made up of a composition of (a) 100 parts of a 
butadiene rubber backing having 40 % repeating units of cis-1,4 configuration; (b) 10 to 60 parts 
of metal salts of a, p-ethylene unsaturated carboxylic acid; (c) 1 to 20 parts carboxyl group and 
hydroxide group containing aromatic compound relative to 1 00 parts of the aforementioned 
rubber backing; (d) a compound which produces 0.5 mol to 4 mol formaldehyde relative to 1 mol 
of the aforementioned compound; and (e) sufficient metal oxide to react the carboxylic acid and 
hydroxide group aromatic compound with the aforementioned carboxyHc group; 

2. A solid golf ball which has a core which is made up of a composition of (a) 100 parts of a 
butadiene rubber backing having 40 % repeating units of cis-1,4; (f) 5 to 50 parts of a, P- 
ethylene unsaturated carboxylic acid; (c) 1 to 20 parts of a carboxylic group and hydroxide group 
containing aromatic compound relative to 100 parts of the aforementioned rubber backing; (d) a 
compound which produces 0.5 mol to 4 mol formaldehyde relative to 1 mol of the 
aforementioned compound; and (g) sufficient metal oxide to react (1) the aforementioned a, P- 
ethylene unsaturated carboxylic acid carboxyl group with (2) a carboxyl group compound 
containing the aforementioned carboxyl group and hydroxide group containing aromatic 
compound. 

3. Detailed Description of the Invention 
(Technical Field of the Invention) 

The present invention relates to a solid golf ball which is durable and has outstanding 
impact resilience. 

(Description of the Prior Art) 

Durability (strength), flying characteristics (impact resilience), feeling (striking 
sensation) are all important characteristics of golf balls. However, it is difficult to upgrade the 
their durability and impact resilience. 

In the prior art, bobbin winding golf balls were used for a long time because they had 
these characteristics. In recent years, golf balls with a solid core have been used instead of the 
bobbin winding type and are superior to the bobbin winding golf ball due to their impact 
resilience. A butadiene backing has generally been used for this type of solid golf ball. Acrylic, 
metacrylate, zinc oxide or (met)acrylate metal salts and other co-bridging agents have been 
added to this and free radical initiators, antioxidants and the like have been used for bridging. 

The co-bridging agent used in this case plays an important role in providing the golf ball 
with the aforementioned characteristics. However, although the hardness— that is, the 
compression (force (kg) required to compress the ball at 2.54 mm)"increases in proportion to the 
amount compounded, the impact resilience accompanying this declines markedly. 
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When an organic peroxide is used as a free radical initiator, the impact resilience tends to 
increase by increasing the amount compound, however, the durability declines when the proper 
bridging and grafting do not take place. What is more, when the amount of the antioxidant used 
is varied, both the impact resilience and the durability are improved by reducing the amount, 
however, it is not suitable for practical use. 

As a result, improving the aforementioned characteristics, in particular, upgrading the 
impact resilience and the durability is the important objective of the solid golf balls. 

[Objective of the Invention] 

It is an object of the present invention to provide a solid golf ball which has high impact 
resilience and outstanding durability. 

[Constitution of the Invention] 

Therefore the present invention can be summarized as follows. It is a solid golf ball with 
a core which is made up of a composition of (a) 100 parts of a butadiene rubber backing having 
40 % repeating units of cis-1,4 configuration^^b) 10 to 60 parts of metal salts of a, P-ethylene 
unsaturated carboxylic acid; (c) 1 to 20 parts carboxyl group and hydroxide group containing 
aromatic compound relative to 100 parts of the aforementioned rubber backing; (d) a compound 
which produces 0.5 mol to 4 mol formaldehyde relative to 1 mol of the aforementioned 
compound; and (e) sufficient metal oxide to react the carboxylic acid and hydroxide group 
aromatic compound with the aforementioned carboxylic group. 

The present invention is also a solid golf ball which has a core which is made up of a 
composition of (a) 1 00 parts of a butadiene rubber backing having 40 % repeating units of cis- 
1,4; (f) 5 to 50 parts of a, p-ethylene unsaturated carboxylic acid; (c) 1 to 20 parts of a 
carboxylic group and hydroxide group containing aromatic compound relative to 100 parts of the 
aforementioned rubber backing; (d) a compound which produces 0.5 mol to 4 mol formaldehyde 
relative to 1 mol of the aforementioned compound; and (g) sufficient metal oxide to react (1) the 
aforementioned a, P-ethylene unsaturated carboxylic acid carboxyl group with (2) a carboxyl 
group compound containing the aforementioned carboxyl group and hydroxide group containing 
aromatic compound. 

Next, we shall describe the constitution of the present invention in detail. 

(1) Rubber backing 

The rubber backing used in the present invention should be a polybutadiene rubber with 
40 %.and preferably 90 % repeating units of cis-1,4 configuration. When the cis-1,4 
configuration is less than 40 %, the flying characteristics are not upgraded so that it is difficult to 
obtain a solid golf ball which is the objective of the present invention. The aforementioned 
polybutadiene should be used alone as the rubber backing, however, rubber constituents such as 
natural rubber, isoprene rubber, styrene-butadiene rubber and the like which were used in the 
prior art golf balls may all be compounded if necessary for use as the solid golf ball rubber 
backing. 
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(2) a, p-ethylene unsaturated carboxylic acid and metal salts of it 

• The a, p-ethylene unsaturated carboxylic acid used should be an a, p-ethylene 
unsaturated monocarboxylic acid, dicarboxylic acid or dicarboxylic acid monoester. Examples 
of these are as follows: acids such as acrylic acid, metacrylic acid, cinnamic acid, crotonic acid, 
sorbic acid, maleic acid, fumaric acid and itaconic acid as well as monoesters of dicarboxylic 
acid (such as maleic acid, fumaric acid, itaconic acid and the like). 

Zinc salts, magnesium salts, calcium salts, aluminum salts and other salts are suitable for 
the metal salts of the a, p-ethylene unsaturated carboxylic acid used. 

(3) Carboxyi group and hydroxide group containing aromatic compound 

p-oxy benzoic acid, metaoxy benzoic acid, orthooxy benzoic acid and others may be used 
for this compound. 

This compound is not very effective when used alone. However, by combining it with a 
compound which produces formaldehyde, resinification is brought about and at the same time a 
bridging structure with the rubber component is formed so that the impact resilience and the 
durability of the golf ball are increased. 

(4) Compound which produces formaldehyde 

The following may be used for this compound: methylolmelamines ranging from 
dimethylolmelamine to hexamethylolmelamine and methoxy compounds of these; or ethoxy 
compounds such as alkoxy compounds of polyhydric methylolmelamine. Trioxane, tetroxane, 
paraformaldehyde, resol type phenol resins and the like may be used in addition to these. 



Further, melamine compounds as well as-rgsoTtype phenol resins are most suitable for 
upgrading the durability. 

When resinification of these compounds proceeds, the bridging point increases due to the 
bridging of (1) the methylene and (2) the aforementioned carboxyi group a nd hydroxide g roup 



containing aromatic compound which has only one reaction group when it(is a monomeryAs a 



result, this contributes greatly to increasing the hardness and contributes to upgfadTngthe 
durability. At the same time, the decrease in the end group contributes to upgrading the impact 
resilience. 

(5) Metal oxide 

These metal oxides are compounds which function (1) to neutralize the existing carboxyi 
group and form ion bridging and (2) to adjust the weight of the resulting bridged object. Further, 
the carboxyi group which is present is a carboxyi group compound which has not only the 
aforementioned a, p-ethylene unsaturated carboxylic acid carboxyi group but a carboxyi group 
and hydroxide group containing aromatic compound as well. 

The following, may be used for this metal oxide: zinc oxide, magnesium oxide, aluminum 
oxide, calcium oxide and the like, however, the choices are by no means limited to these. 
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In the present invention, the following are used for the core of the golf ball: (a) the 
aforementioned rubber backing; (b) the aforementioned metal salts of the a, p-ethylene 
unsaturated carboxylic acid; (c) the aforementioned carboxyl group and hydroxide group 
containing aromatic compound; (d) the aforementioned compound which produces the 
formaldehyde; and (e) the aforementioned composition (hereinafter referred to as "composition 
A") which contains the metal oxide. 

In the present invention, the following are also used for the core of the golf ball: (a) the 
aforementioned rubber backing; (f) the aforementioned a, p-ethylene unsaturated carboxylic 
acid; (c) the aforementioned carboxyl group and hydroxide group containing aromatic 
compound; (d) the aforementioned compound which produces formaldehyde; and (g) the 
aforementioned composition (hereafter referred to as "composition B") which contains the metal 
oxid^. 

In the aforementioned composition A and composition B, 1 to 20 parts of the carboxyl 
group and hydroxide group containing aromatic compound should be compounded relative to 
100 parts of the rubber backing. When less than 1 part is compounded, the amount of the 
resinified part and the bridged part is small, the bridging density is not increased and no 
upgrading of the strength can be confirmed. On the other hand, when less than 20 parts is 
compounded, there is a great deal of resinification so that the strength is considerably upgraded, 
however, there is a decline in the impact resilience and in the original flying performance. 

In the aforementioned composition A and composition B, 0.5 mol to 4 mol of the 
compound which produces the formaldehyde should be compounded relative to 1 mol of the 
carboxyl group and hydroxide group containing aromatic compound. For example, although 
1/12 mol to 2/3 mol of hexamethoxy methylol melamine relative to 1 mol of p-oxy benzoic acid 
is theoretically sufficient, 1/12 mol to 1 mol is appropriate out of the consideration for the 
completeness of the reaction. Likewise, other trioxanes, paraformaldehydes and others can be 
prescribed from the same type of stoichiometric calculation. By using this compound which 
produces formaldehyde, three-dimensional polymerization is carried out using the bridging of (1) 
the methylene and (2) the carboxyl group and hydroxide group containing aromatic compound 
independently of the polymerization of the aforementioned a, p-ethylene unsaturated carboxylic 
acid or its metal salt. At the same time, a complex bridging configuration which also brings 
about ion bridging is produced or a type of IPN (interpenetrating polymer network) is formed. 

In the aforementioned composition A, 10 to 60 parts and preferably 20 to 40 parts of the 
metal oxide of the a, p-ethylene unsaturated carboxylic acid should be compounded relative to 
100 parts of the rubber backing. When less than 10 parts is compounded, the compression 
declines. Meanwhile, when the amount compounded exceeds 60 parts, the compression 
increases and the impact resilience declines. 

In the aforementioned composition A, the amount of the metal salts compounded should 
be sufficient to react with the aforementioned carboxyl group in the carboxyl group and 
hydroxide group containing aromatic compound. In other words, an amount which is at least 
equimolar to the aforementioned carboxyl group should be used. This makes it possible for the 
ion bridging of the metal oxide and the carboxyl group to take place. 
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In the aforementioned composition B, 5 to 50 parts and preferably 10 to 30 parts of the a, 
p-ethylene unsaturated carboxylic acid should be compounded relative to 100 parts of the rubber 
backing. When less than 5 parts is compounded, the compression declines. Meanwhile, when 
the amount compounded exceeds 50 parts, the compression is increased and the impact resilience 
declines and it is not suited for practical use. 

In the aforementioned composition B, the amount of the metal oxide compounded should 
be sufficient to bring about a reaction between (1) the carboxyl group of the a, p-ethylene 
unsaturated carboxylic acid and (2) the aforementioned carboxyl group of the carboxyl group 
and hydroxide group containing aromatic compound. In other words, the amount should be at 
least equimolar to these carboxyl groups. This makes it possible for ion bridging to take place 
using the metal oxide and these carboxyl groups thereby upgrading the durability. 



In the aforementioned composition B, the a, P-ethylene unsaturated carboxylic acid 
reacts in this way with the metal oxide. At the same time, the ethylene unsaturated bond is 
polymeric so that grafting polymerization takes place on the rubber backing. This serves to 
upgrade the impact resilience. Even in the aforementioned composition A, the ethylene 
unsaturated bond of the metal salt of the a, P-ethylene unsaturated carboxylic acid is polymeric 
so that grafting polymerization takes place on the rubber backing bringing about the same type of 
effect [upgrading the impact resilience]. 

In composition A and composition B, a free radical initiator such as an organic oxide may 
be added. If necessary, other compounding agents such as a bulking agent, anhydrous silicate, 
water bearing silicate, calcium silicate and the like as well as antioxidants and the like may be 
compounded as suitable. 

In making the core of the golf ball from the composition mentioned above, the respective 
compounded constituents — with the exception of the free radical initiator and the compound 
which produces the formaldehyde — are compounded, then these are kneaded evenly. After this, 
a free radical initiator — with the exception of that mentioned previously — is added and kneaded. 
This is heated and vulcanized under pressurization and an integral body is formed. A solid golf 
ball with a double structure can be manufactured by covering the core The material used for the 
^''^^^vering may be barata, polyurethane, nylon, ionomers and the like, although the selection is not 
necessarily limited to these. The ionomer is usually approximately 1.0 to 3.0 mm thick. Further, 
this composition can be used not only for a two piece golf ball but for a one piece golf ball, a 
three piece golf ball and the like 

"[Effectiveness of the Invention] 

The solid golf ball with a core made of the composition mentioned previously in the 
present invention is an IPN hybrid composition in which the aforementioned composition carries 
out simultaneously (1) a grafting onto the a, P-ethylene unsaturated carboxylic acid or a 
polybutadiene of its metal salt during vulcanization; (2) resinification using a carboxyl group and 
hydroxide group containing aromatic compound / formaldehyde; (3) a bridging with the 
polybutadiene or (4) an ionic bridging of these using the metal oxide. As a result, the golf balls 
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have an impact resilience and a breaking strength which are not usually anticipated. Therefore, it 
is provided with a long flying distance and has outstanding durability. 

Next, we shall provide a specific explanation of the effectiveness of the present invention 
by indicating practical embodiments and comparative embodiments of the invention. 

We manufactured a variety of compositions (Standard Embodiment 1 , Practical 
Embodiments 1 through 5 and Comparative Embodiment 1) using the compounded contents 
(parts) indicated in Table 1 as follows [Translator's note: please see last page for Table 1]. 

We manufactured these compositions as follows. First we mixed the compounding 
components — with the exception of the dicumyl peroxide and the 

hexamethoxymethy lolmelamine — for five to ten minutes at a mixing temperature of 80''C to 
130°C using an ordinary closed mixer such as a kneading machine. Then, we mixed the dicumyl 
peroxide and the hexamethoxymethylolmelamine with this at a temperature of 60°C to 70°C. 

We vulcanized the resulting unvulcanized plate-like sheet compound using a core metal 
mold for 20 to 30 minutes at 140°C to 160°C and then solidified it to produce the core. We 
covered this core with ionomers using either the injection molding method or the compression 
molding method and obtained a two piece golf ball. The physical properties of these golf balls 
are indicated in Table 1 . 

(the following space has been left blank on purpose) 
Notes): 

* 1 "BR- 1220" manufactured by Nippon Zeon Co., Ltd. 
-* 2 "RT" manufactured by Satmar Co., Ltd. 

* 3 manufactured by Kanto Chemical Co., Ltd. 

* 4 "Number 3 zinc white" manufactured by Seido Chemical Co., Ltd. 

* 5 "Nipseal VN3 AQ" manufactured by Nippon Silica Co., Ltd. 

* 6 "Percumyl D" manufactured by Nippon Kayaku Co., Ltd. 

* 7 "FOB" manufactured by Ueno Pharmaceuticals Co., Ltd. 

* 8 "Cyrez 963" manufactured by Americal Cyanamid Inc. 

* 9 The compression strength up to breaking was measured and indicated using an index with 

Practical Embodiment 1 as 100. 

*10 Based on JIS S 7005. Height of rebound after dropping from height of 120 cm. 

* 1 1 The strength at a compression of 1.54 mm was measured and indicated using an index using 

the Practical Embodiment 1 as 100. 

In Practical Embodiments 1 through 4 and Comparative Embodiment 1, the paraoxy 
benzoic acid and the hexamethoxymethylolmelamine used in Standard Embodiment 1 are 
compounded. Multiple bridging reactions are carried simultaneously using pressurization, 
heating and vulcanization. 
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In Practical Embodiments 1 through 4, it was found that the durabiUty improved 
markedly and both the impact resilience and the compression had physical characteristics which 
were on a par with those in Standard Embodiment 1 . In addition, in Comparative Embodiment 1 
in which the amount of paraoxy benzoic acid and hexamethoxymethylolmelamine compounded 
was increased, there was a high degree of durability but the impact resilience declined and it was 
not suitable for practical use. 

In Practical Embodiment 5, acrylic acid was used instead of the zinc acrylate. This 
Practical Embodiment 5 had a high durability and exhibited an impact resilience and 
compression which were on a par with those in Standard Embodiment 1 . 

Patent Agents Patent Attorney Shinichi Ogawa 

Patent Attorney Yoshiteru Noguchi 
Patent Attorney Kazuhiko Saika 
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